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I have always been fascinated by locomotion in horses, and
the forces generating and resulting from locomotion. I chose
this particular subject matter for my thesis because of my
familiarity with horses and the grace and fluidity of their
movements, even in stressful conditions.
Because an understanding of an animal's structure and
function leads to a greater appreciation of the animal and its
interaction with its environment, my interest naturally lead me
to an examination of the field of equine biomechanics the
study of forces acting upon living tissue and of dynamic
measurement of those forces.
II. OBJECTIVE
This paper and accompanying illustrations examines
selected concepts of equine biomechanics. In five large
canvasses I have portrayed the dynamic processes which occur in
locomotion through an examination of certain technical concepts
which are essential to locomotion: load, stress, torque,
tension, compression, stability, and instability.
Because these are abstract concepts, I decided that the most
effective way to create each image would be to create
illustrations that provided the viewer with an immediate
emotional experience of the essence of each term. Each concept
is rendered in a loose informal way; as interpretative, rather
than rigid, portrayals of fact. These are concepts that are
dynamic and alive, and these paintings try to capture that
essence providing a more visceral understanding. In this
context, forces, stresses, loads, are not measured separately at
any one fixed point but rather in a context in a sequence of
events which through portrayal produce results which are
intuitively obvious.
Although I felt that it was important to show more than a
suggestion of accurate form, tight rendition of form would lose
vitality of movement; action had to be pronounced enough so that
it would be easily recognizable. To help keep the form secondary
to motion and dynamics, I used dark colors. They seemed to
suggest to me weight and gravity.
III. MATERIALS AND METHODS
A. Visual references and background investigations
Visual references for the illustrations were collected from
various sources including newspapers, magazines, and Eadweard
Muybridge's classic photographic work, Horses and other Animals
in
Motion.1
Visual references are provided in Appendix A.
Before the large works were started, a number of studies of
equine skeletal anatomy were completed. These studies were made
from equine skeletal collection at the Smithsonian Armed Forces
Institute of Pathology in Washington, D.C. Sketches were made in
colored pencil, and are shown in Appendix B. In addition to
1
Eadward Muybridge, Horses and Other Animals in Motion
(New York: Dover Publications, Inc., 1985).
physical review and sketches of skeletal material, 35mm color
slides were taken. (See Appendix B)
Several of the skeletal studies of the forelimb were
transposed into computer images. Color studies were digitized by
scanning each image with a video camera linked to an Artronics
computer system. The generated image was manipulated using a
light pen and digitizing pad to increase contrast to areas of
bone, and to insert a background and labels. The resulting
images comprise anatomically correct yet somewhat loose,
painterly images, consistent with the approach taken in the main
canvases, to serve as additional reference materials for those
canvases. (Figures 1 and 2)
Incidental diagrams relating to gait analysis are based on
standard textbook diagrams. (See Section IV(C) , below.)
Appendix C includes several paintings and computer images
done further explorations of equine motion and biomechanics.
Some were completed at Rochester Institute of Technology; others
were completed after graduation.
B. Main canvases
My media for the main canvases (Figures 6-10) was watered
down acrylics on gessoed canvas. I began the substructure of the
painting by thickly applying gesso with exaggerated brush marks
to add interest and activity to the substructure of the painting.
On this textured substructure, I painted a thin wash of burnt








then spread the wash across the whole canvas. As it began to
dry, I used a heavier wash of the same color mixture to lay in
the framework of the horse. This framework of tissue was built
up using layered semi-opaque washes of background mix, along with
select areas of yellow ochre to bring out selected features.
IV. TECHNICAL BACKGROUND
A description of equine anatomy and locomotion is provided
as a background. However, technical descriptions have been kept
to a minimum. Only those descriptions necessary to the
understanding of a particular concept in the context of the horse
are described.
A. Anatomy
There are two types of structural tissue: soft and hard.
Soft tissue consists of muscle, tendon and ligaments. Hard
tissues consist of bone and cartilage.
Muscles are collections of elastic fibers which contract to
do work. These fibers are grouped into bundles which are in turn
grouped to form muscles. Tendons and ligaments are formed from
inelastic fibers. Tendons join muscles to bone, while ligaments
join bone to bone.
Bone, which is made of minerals, provides a structural
framework, and points of attachment for the animal's soft tissue.











Fig. 3. Diagram of bone, muscle, ligament and tendon
of fore and hind limbs. Source: Reginald
Smythe , The Horse: Structure and Movement ,
2nd ed. (London: Allen, 1976), p. 109.
movement of bone against bone at the joints. Figure 3 shows the
general anatomy of the equine fore and hind limbs.
B. Mechanics
To understand the strength that bone, muscle and other
supportive materials provide in a body, certain concepts need to
be understood and related nomenclature
defined.2 "Force" is one
of the most important concepts. A force is a push or a pull that
creates or resists motion. In the body, forces are concentrated
in the insertions of tendons and contacts between bones.
"Pressure" is the amount of force spread over a certain area. A
force applied to a solid object is a "load". In the body, bones
of the legs load each other; muscles in action load their
insertions. As a load is transmitted through one part of an
object, there are internal forces which act on adjacent parts of
that object. This internal condition resulting from external
loads is called "stress."
Like any other object under load, when in motion or at rest,
the structure of a horse is a constant interplay of forces. Each
force has a counter point which counteracts another force. In
order to remain in equilibrium, there must be equal forces
operating in opposite directions. In the
absence of a
counterbalancing force, any one force is likely to result in
instability.
2
Except as noted, the following discussion is based upon
Milton Hildebrand, Analysis of Vertebrate Structure, 2nd ed. (New
York: John Wiley & Sons, 1982), pp. 389-400; 418-435.
For example, the ground exerts an upward force equal to the
force of the animal's weight pulling downward through the bones
of the leg. In the horse or other quadruped, the sum of the
vertical forces produced by legs against the body is equal to but
opposite to body weight acting down through the center of gravity
(ie. the legs must be "strong" enough to support the weight of
the body.) Equilibrium at rest can only be maintained if a line
dropped from the center of gravity, perpendicular to the ground,
stays within a box made by drawing imaginary lines joining up the
position of the four feet on the
ground.3
Torque is the force producing rotation of an object around
its axis, in this example, the horse's leg. Load, a force
generated outside a structure, is the weight of the body and the
pull of the muscles on bone. Because the body is in the process
of changing direction, inertia must be overcome before the animal
may move in a new direction.
Tension occurs in a tendon when muscles contract and pull
upon the tendon which is attached to bone. Tension is a muscle
occurs in much the same way, with one set of muscles contracting,
causing another set to extend as fully as possible. Compression
is the "squashing" of an object when a weight is applied.
3
James Gray, Animal Locomotion (New York: W.W. Morton &
Company, 1968), pp. 85, 90-97.
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C. Locomotion
A gait is a particular pattern of movements by appendages
made during
locomotion.4
Five factors are used to describe a
gait: stride frequency, stride length, duty fraction, and
relative phase. Stride frequency is the number of strides per
unit time. Stride length is the distance from one foot print to
the next print by that foot. Duty fraction is the fraction of
time a foot is on the ground. Relative phase is that point in
time during a stride at which a foot is set down, expressed as a
fraction of a stride. A stride begins when a selected foot is
set down and ends when all feet have touched down once.
Since a horse can only be stable with at least three out of
four legs on the ground, a horse at a walk can raise only one
foot at a time. Feet must be raised in the appropriate sequence
and momentum must be maintained to compensate for resisting
forces. This state is also called perpetual equilibrium. If
feet are moved out of sequence, the animals 's center of gravity
may pass outside the triangle of support, resulting in
instability. Equilibrium is the key to understanding locomotion.
For example, a walk is performed at very slow speed to maintain
stability. Higher speeds and faster gaits all have periods of
instability.
Gait selection depends on a variety of factors, including
environment, speed required, and the physical characteristics of
4
The following discussion of equine locomotion is based on
James Gray, Animal Locomotion (New York: W.W. Morton & Company,
1968) , pp. 265-282.
the animal. In a high speed gait, for example, a gallop, a
horse
may lead off with either forefront.
Gray5
has described the
gallop in terms of phases: one fore foot on the ground (Phase
I) ; both fore feet on the ground (Phase II) ; the opposite fore
foot on the ground (Phase III) ; all feet off the ground (Phase
IV) ; and, finally, by taking off on the fore foot and landing on
the opposite hind foot (Phase V) , an asymmetrical gait is
created, such that all four feet come off the ground only once in
eight phases. Figure 4 shows the phases of the gallop. Figure 5
shows the spatial relationship of feet in a gallop.
5 James Gray, Animal Locomotion (New
York: W.W. Morton &
Company, 1968), pp. 275-277.
10
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Fig. 5. Spatial relationship of feet in a gallop
Source: James Gray, Animal Locomotion (New York:




The five main canvases (Figures 6-10) portray the concepts
of load, torque, tension, and compression, instability and
stability. These concepts are evaluated in the context of
motion, depicting the various forces at play on the horse.
Various gaits of the horse were examined so that one gait could
be chosen that would best depict each of the concepts.
Ultimately, I selected the gallop, with some modifications, as
the best gait for describing these five major components of
motion.
A. Instability
In the first painting (Figure 6) , I explore what occurs when
various forces involved are out of equilibrium, resulting in
instability. I have tried to show, as was once said, that "to be
in motion is to be constantly falling through
space."
Because
none of the true phases of the gallop seemed to clearly
demonstrate this idea of constant falling, a more exaggerated
pose was used to portray the concept. An image of a galloping
horse (Phase III of the gallop) is modified by the portrayal of
"cornering at
speed"
rather than normal forward motion. Moving
the horse slightly to the left of center gave the viewer a







The subject of the second painting (Figure 7) is torque. In
this instance, I used the image of a horse cornering in Phase I
of the gallop in order to get the most vivid image of the concept
of the forces generated by rotation of the object around the axis
of the left fore limb.
C. Tension
In Figure 8 portrays tension in the soft tissues, primarily
tendons, rather than in bone, as was the case in Figure 7. In
the eighth phase of the gallop, a horse is stretching out its
leading leg, trying to cover as much distance as possible before
placing that hoof back on the ground. All the lines created act
to enhance the stretch of forward motion. Long lines of tension
in the foreleg, continued with long straight lines in the body,
accentuate the feeling of stretch and extension within the
painting.
D. Compression
In order to portray the concept of compression effectively,
I felt I needed a dramatic image where the forces creating
compression would be exaggerated. To best show this, I chose a
pose depicting a horse in Phase VI beginning to jump a fence
(Figure 9) . All the animal's weight is shifted to the hind
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quarters, getting set for its spring into the air. By showing
this particular view, I was able to create some feeling of the
massive weight and incredible pressure placed on the lower legs.
E. Stability
Stability is a function of balance, coordination and
equalization of forces. All the muscles of the body acting in
concert to provide contained, effortless forward motion. The
last horse, shown in Figure 10, moves away from the viewer in a
straight line in Phase I of the gallop. The canvas is relatively
empty, although the center of gravity is clearly within the







Through these paintings I have shown the horse moving
through space in a number of contexts, and the effects of the
various forces acting upon it. The success of these paintings
lies not in their meticulous detail, but their ability to make
the viewer feel and relate to the forces portrayed in each.
20
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SKETCHES AND PHOTGRAPHS OF EQUINE SKELETAL MATERIAL
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APPENDIX C
FURTHER EXPLORATIONS


